A microsurgical study was carried out on 20 randomized rats in order to delineate a safe technique for cerebellobulbar approaches. The procedure takes 20-30 min and can be performed with minimum blood loss if anatomical landmarks, particularly the m. obliquus capitis cranialis, are respected.
cated animal models. The rat has the advantage of ease of handling, low cost and good tolerance to surgical procedures and can be studied in statistically randomized series. Rat embryos have been used to produce animals with cerebrospinal anomalies. However, limitations do arise with the rat primarily because of its size. A meticulous microsurgical technique will permit the development of adequate models for chronic experimentation even in the critical cerebrospinal area. One aim of this study was to investigate a safe technique to approach the cerebellomedullar region in the rat as a model for neurophysiological investigations.
Materials and methods
The study was carried out on 20 randomized male rats (Wistar-Krypton) weighing 290-310 g (mean 298 g). Each rat was anaesthetized with ketamine (Ketanest:
Parke-Davis Co. Mi.inchen, 7800 Freiburg, FRG) and thiazine hydrochloride (Rompun: Bayer AG, 5090 Leverkusen, FRG) and allowed to breathe spontaneously throughout the procedure. The animals were in the prone position with the head flexed 30°over a plastic cylinder in order to allow optimal vision of the occipital bone in the posterior fossa. By use of routine aseptic techniques, the superficial muscle layer over the neck was exposed through a sagittal incision in the midline, starting 2 mm cranial to the external occipital protuberance and extending to the level of the second cervical vertebra. This layer includes the m. biventer cervicis (attachments:
transverse processes of the T3-T7 to external occipital protuberance) and the underlying m. complexus (attach- ments: transverse processes of Tl and T2 to dorsal nuchal line). These muscles were gently separated at the midline by blunt dissection and then retracted laterally to reveal the m. rectus capitis dorsalis major (attachments: spinous process of C2 to dorsal nuchal line). Further dissection in the midline was carried out starting from the spinous process of C2 in order to visualize the m. obliquus capitis cranialis (attachments:
wing of Cl to dorsal nuchal line). Small arterial branches between the rectus capitis and the obliquus muscles required division by low intensity bipolar coagulation.
The dissection of the m. obliquus capitis was performed in the craniocaudal direction from the basi-occipital bone to the smooth spinous process of C1. This route permits rapid and precise identification of the upper border of the foramen magnum and avoids injuries to the laterally located atlanto-occipital venous plexus (Fig. 1) .
The allanto-occipital membrane was incised at the upper margin of the rectangular-shaped foramen magnum and was reflected caudally to expose the dura mater. Before opening of the dura, it is important to look for fluid pulsations as .incision of the dura without injury to the arachnoid layer is always possible if there are normal fluid pulsations. A horizontal incision of the arachnoid causes clear cerebrospinal fluid to escape and the obex and medulla oblongata can easily be seen (Fig. 2) . Removal of the cranial part of the basi-occipital bone exposes the basal cerebellum and allows exploration of the fourth ventricle after division of the smooth tela chorioidea (Fig. 3) . Applying a strip of muscle over the exploration site was sufficient to prevent a postoperative fistula. The wound was closed using separate stitches for m. rectus capitis dorsalis and m. biventer cervicis. The skin was closed with a continuous 6/0 nylon suture. The animals were replaced in their cage and monitored every 15 min during the first 2 h after the operation.
Results
Of the 20 operated rats, 18 tolerated the procedure without complications and were in good health I month later. They did not show any restriction in neck movements (extension and rotation) and their behaviour was normal. The bodyweight increased to 360 g (330--410 g). Cerebrospinal fluid fistulae were not observed. Two animals died during the opera-tion. The first one died from acute respiratory arrest following an unskilful opening of the cisterna cerebellomedullaris; necropsy showed injury to the floor of the fourth ventricle. The second rat presented an acute respiratory distress syndrome at the beginning of the procedure and died despite tracheostomy; necropsy confirmed acute pulmonary oedema.
Discussion
The development of microsurgical approaches to small areas of the brain in small animals is increasingly being used in modern neurophysiological research.
The surgical technique described here gives access to the cere bello medullar region in the rat and has been used in studies on the medullar oblongata, the floor of the fourth ventricle and cerebellar stimulation and cerebrospinal fluid secretion (Larsell, 1952; Peters, 1974 Renella & Hussein takes 20-30 min and can be performed with minimum blood loss if the anatomical landmarks described are respected. In positioning the head, care must be taken to avoid overflexion, resulting in compression of the trachea and neck vessels. The muscle obliquus capitis cranialis is the key to locating the cisterna magna in the rat (Donaldson, 1932; Peters, 1974; Mertens, 1979) . Pulse waves, which elevated the cisterna arachnoidea, were observed in all but two cases. Repositioning of the head with less flexion resulted in the reappearance of fluid pulsations in these cases.
Irrigation of the operating site with cold saline caused respiratory irregularities but this problem was resolved by using warm (38°C) solutions. When the arachnoidea was opened, cerebrospinal fluid (0·2-0·7 ml) could be obtained. In our experience microcapillaries avoided contamination of the fluid by red blood cells and were preferable to other expensive devices.
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